Backgroud/Objective: To compare postprandial responses elicited by sucromalt, a nutritive sweetener produced by treating a blend of sucrose and corn syrup with an enzyme from Leuconostoc mesenteroides, with those after 42% of high-fructose corn syrup (HFCS), and to see if the reduced responses after sucromalt could be accounted for by carbohydrate malabsorption. Subject and Methods: Three experiments were performed in separate groups of normal subjects studied after overnight fasts using double-blind, randomized, cross-over designs. HFCS was used as the control because it contained a similar amount of fructose as sucromalt. Experiment 1 (n ¼ 10): plasma glucose and insulin were measured after 50 g sucromalt and 50 g HFCS. Experiment 2 (n ¼ 10): metabolic profiles were measured after 80 g HFCS, 80 g sucromalt or 56 g fructose/glucose blend plus 24 g inulin. Experiment 3 (n ¼ 20): the glycaemic indices of sucromalt and HFCS were determined. Results: Mean glucose and insulin responses after sucromalt were 66 and 62%, respectively, of those after HFCS (Po0.05). The inulin treatment, used to mimic the effects of carbohydrate malabsorption, elicited higher breath hydrogen (H 2 ), lower glucose and insulin responses, and a significantly earlier rise in serum free fatty acids (FFA) than those of HFCS (all Po0.05). Sucromalt elicited no rise in breath H 2 , and delayed falls in glucose and insulin, and a delayed rebound of FFA compared to HFCS (all Po0.05).
Introduction
Diets with a low-glycaemic impact have been associated with a number of health benefits (Bell and Sears, 2003; Kendall et al., 2004; . The glycaemic impact of carbohydrates is affected by the nature of the monosaccharide absorbed and the rate and amount absorbed in the small intestine (Wolever, 2004) . The short-and long-term metabolic impact of reducing glycaemic responses by these different mechanisms may not be the same. Slowing and prolonging the rate of absorption elicits postprandial responses characterized by smaller rises and slower falls of blood glucose and insulin, prolonged suppression of free fatty acids (FFA) and a reduced glycaemic response after a subsequent meal (Jenkins et al., 1982 (Jenkins et al., , 1990 Wolever et al., 1995; Liljeberg et al., 1999) , the so-called second-meal effect. Reducing the amount of available carbohydrate consumed (and hence absorbed) is associated with more rapid rebound of FFA (Christensen et al., 1972; Wolever and Bentum-Williams, 1994 ) and a greater glycaemic response after a subsequent meal . However, the effect of replacing some available carbohydrate with unavailable carbohydrate is unclear because the unabsorbed carbohydrates may increase colonic fermentation with the production of hydrogen (H 2 ) and short chain fatty acids (SCFA), which some (Brighenti et al., 2006) , but not all (Vogt et al., 2004) studies suggest may reduce postprandial FFA and elicit a second-meal effect.
The purpose of this paper was to characterize the postprandial responses elicited by sucromalt, a novel sweetener hypothesized to be slowly or incompletely absorbed. We report here three separate experiments. First, we compared the acute glucose, insulin and breath H 2 responses after sucromalt and 42% high-fructose corn syrup (HFCS). To gain further insight into the possible absorption characteristics of sucromalt, we compared the acute and second-meal metabolic profiles and breath H 2 responses after consuming a drink containing sucromalt with those of two other treatments: a drink containing HFCS as a model of rapid absorption, and a drink in which some of the HFCS was replaced by inulin representing a model of incomplete absorption. Finally, we determined the glycaemic index (GI) values of sucromalt and HFCS.
Methods
A total of 3 experiments, each with a randomized, cross-over design were performed with healthy subjects in the morning after 10-14 h overnight fasts. Sucromalt (Xtend, Cargill Inc., Wayzata, MN, USA) is an enzymatically modified blend of sucrose and corn syrup containing fructose, leucrose and glucose oligosaccharides (Table 1) , the latter of which have an average degree of polymerization (DP) of 10 with alternating a1-3 and a1-6 linkages except for the terminal two glucose molecules that are joined by an a1-4 link. In each experiment, 42% HFCS (Isoclear 42% of HFCS, Cargill Inc., Wayzata, MN, USA) was used as the control because it contained a similar amount of fructose as sucromalt. Grams of carbohydrates are based on dry weight.
Experiment 1
A total of 10 subjects (7 male, 3 female; age, 27.671.6 years; body mass index (BMI), 23.671.1 kg m À2 ) were studied on two occasions. After giving fasting blood and breath samples, subjects consumed a test drink, and had further blood samples at 15, 30, 45, 60, 90, 120, 180 and 240 min, and breath samples every 30 min, after starting the drink. Blood was collected into fluoro-oxalate tubes from heated forearms via a catheter inserted into a forearm vein and the plasma removed and stored at À201C before analysis for glucose and insulin. Expired air was collected into 10 ml evacuated glass tubes using an EasySampler device (Quintron Instruments, Milwaukee, WI, USA). The test drinks, consisting of 50 g sucromalt or 50 g HFCS dissolved in 250 ml water plus a drink of 250 ml water, were served in randomized order. Experiment 1 was performed at GI Testing Inc. using a protocol approved by the Western International Review Board (WIRB).
Experiment 2
A total of 10 subjects, none of whom had participated in experiment 1 (5 male, 5 female; age, 25.271.7 years; BMI, 23.775.2 kg m À2 ), were studied on three occasions. After fasting blood and breath samples were obtained, subjects consumed, within 15 min, a beverage containing either 80 g sucromalt, 80 g HFCS or a mixture of 35 g fructose, 21 g glucose and 24 g inulin (Chicory inulin, Oliggo-Fiber Instant type, Cargill Inc., Wayzata, MN, USA) designed so as to keep the fructose content of the different test meals approximately equal (Table 1) . Since inulin is not absorbed in humans, the mixture of inulin, fructose and glucose represented a model of an incompletely absorbed carbohydrate. The test carbohydrates were dissolved in 360 ml water and were consumed with an additional 500 ml bottled water.
Blood samples were drawn at 15, 30, 45, 60, 90, 120, 180, 240, 270, 300, 330 and 360 min after starting to eat, and breath samples every 30 min, using the same methods as experiment 1. After the 240 min samples had been taken, a standard lunch was consumed within 20 min. On each occasion, the lunch meal consisted of a cheese and tomato sandwich with juice and cookies (650 kcal, 22.4 g protein, 25 .2 g fat, 77.3 g carbohydrate and 5.4 g dietary fibre).
Blood for glucose, insulin, c-peptide and FFA was collected into Vacutainer 7.5 ml serum separator tubes containing a clot activator and polymer gel silica activator (BecktonDickinson, Rutherford, NJ, USA); the tubes were inverted, refrigerated at 41C immediately, centrifuged within 30 min at 2500 r.p.m. for 10 min and the serum separated and stored at À701C before analysis. Blood for glucagon-like peptide-1 (GLP-1) was collected in 6 ml Vacutainer tubes containing potassium EDTA. Within 30 s of sample collection, 50 ml of DPP-IV enzyme inhibitor was added, the tubes inverted and refrigerated at 41C immediately, centrifuged within 30 min of collection at 1800 r.p.m. for 10 min and the plasma separated and stored at À701C before analysis.
Experiment 2 was conducted at St Michael's Hospital, Toronto, and the study protocol was reviewed and approved by the Ethics Committee of St Michael's Hospital and the Research Ethics Board of the University of Toronto. 
Experiment 3
The breath H 2 results of experiments 1 and 2 suggested that a negligible amount of sucromalt was not absorbed in the human small intestine. Therefore, assuming that 50 g sucromalt contains 50 g available carbohydrate, the apparent GI values of sucromalt and HFCS were determined in 20 healthy subjects, none of whom had participated in experiments 1 or 2 (8 male, 12 female; age, 37.372.7; BMI, 24.370.6 kg m À2 ) using methods described by Brouns et al. (2005) . The test drinks consisted of 50 g sucromalt, 50 g HFCS or 50 g anhydrous glucose dissolved in 250 ml water. Test meals were served with the subjects' choice of one or two cups of coffee, tea or water with 30 ml (2%) of milk per cup if desired (the drink chosen by each subject was the same on each occasion). The glucose drink was tested on two occasions. Experiment 3 was conducted at Glycemic Index Laboratories Inc., using a protocol approved by WIRB.
Analytical methods
Plasma glucose was analysed using a hexokinase method on a Cobas Integra analyzer (Roche Diagnostics Canada, Laval, Quebec). Finger-prick whole blood glucose was analysed using a Model 2300 STAT analyser (Yellow Springs Instruments, Yellow Springs, OH, USA Breath samples were analysed for carbon dioxide, H 2 , and methane content using gas chromatography (Microlyzer Gas Analyzer, model SC; Quintron Instruments). Very low carbon dioxide concentrations were present in 81 (21%) of the breath samples from experiment 2; these were considered poor samples, and data were entered as missing. Missing data were imputed by interpolating from preceding and following values. If the fasting value was missing, the 30 min value was inserted. If there were no existing values after the missing data, the previous value was carried forward.
The test meals were prepared by the sponsor in bottles labelled with code numbers, with the code being broken after data analysis had been performed. Subjects gave informed consent to participate by signing the approved consent form.
Results are expressed as means7s.e.m. Incremental areas under the curves (AUCs) were calculated geometrically, ignoring the area beneath baseline values. AUCs were calculated separately for the 0-2 h and 0-4 h time points. Data from each experiment were subjected to repeatedmeasures analysis of variance (RM-ANOVA) examining for the effects of time and treatment (test meal) and the time Â treatment interaction (Cody and Smith, 1997) . If time Â treatment interactions were significant, data from each time point were subjected to RM-ANOVA examining for the effects of treatment (test meal); after demonstration of significant heterogeneity, the significance of the differences between means was assessed using the Newman-Keuls method to adjust for multiple comparisons (Zar, 1984) . The significance of differences of mean AUC values were assessed using RM-ANOVA followed by the Newman-Keuls test. Differences were considered significant if two-tailed Pp0.05.
Results

Experiment 1
There were significant time Â treatment interactions for plasma glucose (Po0.0001) and insulin (Po0.0001) responses, with plasma glucose and insulin after sucromalt being significantly less than those after control at 15, 30 and 45 min and plasma insulin at 60 min ( Figure 1 ). The glucose and insulin 0-2 h AUCs after sucromalt were 46 and 50%, respectively, less than those after HFCS (Po0.05; Table 2 ). Mean breath H 2 concentrations (Figure 1 ) and values for AUC (Table 2) after sucromalt did not differ significantly from those after HFCS.
Experiment 2
There was a significant time Â treatment interaction for serum glucose (Po0.0001). After sucromalt serum glucose 
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A Grysman et al tended to rise more slowly and remain elevated for longer than after HFCS; although the difference in peak rise was not statistically significant, serum glucose was significantly higher at 120 min after sucromalt than HFCS (Po0.05, Figure 2 ). Mean 0-2 h AUC was 10% less after sucromalt than that of HFCS (not significant, Table 3 ). After the inulin beverage serum glucose rose to a similar peak as after HFCS, but fell more quickly, with the means being significantly less than those of HFCS at 60 min and significantly less than those of sucromalt at 60, 90 and 120 min (Po0.05). The mean 0-2 h glucose AUC after inulin was 32% less than that after HFCS (Table 3 ), but the difference was not significant (P ¼ 0.064).
There was a significant time Â treatment interaction for serum insulin (Po0.0001). After sucromalt serum insulin was lower than that after HFCS at 15 min and higher than that after HFCS at 120 min (Po0.05, Figure 2) . Also, mean 0-2 h AUC after sucromalt was 26% lower than that after HFCS (Po0.05; Table 3 ). Mean serum insulin after inulin was significantly less than that of HFCS at 60 and 90 min and significantly less than that of sucromalt at 90 and 120 min (Po0.05; Figure 2 ). Mean 0-2 h and 0-4 h AUC after inulin were 47 and 42%, respectively, less than that after HFCS (both Po0.05).
There was a significant time Â treatment interaction for FFA (P ¼ 0.0007). Serum FFA fell to very low levels after all three treatments, with mean concentrations being virtually identical between 0 and 90 min (Figure 2 ). The rise in FFA after sucromalt was delayed compared to HFCS with a significantly lower concentration at 180 min (Po0.05, Figure 2 ). In addition, the rise in FFA between 120 and 180 min after sucromalt, 0.2270.06 mEq l À1 was significantly less than that after HFCS, 0.4770.09 mEq l À1 (Po0.05). By contrast, FFA started to rise more quickly after inulin, with a significantly higher concentration than those of both HFCS and sucromalt at 120 min (Po0.05, Figure 2 ). The rise in FFA between 120 and 180 min after inulin, 0.2170.05 mEq l À1 was significantly less than that after HFCS (Po0.05). However, by 240 min, the mean FFA concentrations after all three treatments were similar.
There was no significant time Â treatment interaction for c-peptide, and although the ranking of the mean AUC values was the same as that for insulin, the differences between treatments were not statistically significant (Table 3) .
There was a significant time Â treatment interaction for GLP-1 (P ¼ 0.021); however, the only significant difference at individual time points was that plasma GLP-1 was significantly higher after sucromalt than that of inulin at 60 min (Po0.05, Figure 2 ). Mean GLP-1 AUC after sucromalt was nearly twice than that after HFCS at 0-2 h and 0-4 h values, but the difference was only significant for 0-4 h (Table 3 ). 
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Mean GLP-1 AUC after inulin was about half of that after HFCS (not significant) and only B25-30% of that after sucromalt (Po0.05 for 0-2 h and 0-4 h, Table 3 ). There was a significant time Â treatment interaction for breath H 2 (Po0.0001). Breath H 2 concentrations after sucromalt were virtually identical to those after HFCS at all time points (Figure 2) , and the AUC after sucromalt did not differ significantly from that after HFCS (Table 3) . On the other hand, breath H 2 after inulin was significantly greater than that after HFCS and sucromalt from 150 to 360 min (Figure 2 ). The AUC for breath H 2 after inulin was significantly greater than those after both HFCS and sucromalt (Table 3 ; Po0.05).
The sucromalt and inulin beverages did not elicit any second-meal effect, with the glucose, insulin, c-peptide and FFA concentrations after lunch being virtually identical to those after HFCS. The rise in GLP-1 after lunch, as indicated by the 4-6 h AUC, tended to be greater after inulin, 4887129 pmol Â min l À1 , than those after HFCS or sucromalt, 303782 and 257783 pmol Â min l
À1
, respectively, but the difference was not significant. However, the breath H 2 response after breakfast was significantly related to the GLP-1 response after lunch (Figure 3 ).
Experiment 3
There was a highly significant time Â treatment interaction for blood glucose (Po0.0001, Figure 4 ). The mean AUC elicited by 50 g glucose was 249717 mmol Â min l À1 , with the mean coefficient of variation (CV ¼ 100 Â s.d./mean) of the AUC values within-subjects for the repeated tests of glucose being 27.373.8%. The mean AUC elicited by 50 g sucromalt, 114710 mmol Â min l
À1
, was significantly less than that for 50 g HFCS, 196712 mmol Â min l
, and both these values were significantly less than those of glucose. The mean GI of sucromalt, 48.774.6, was significantly less than that of HFCS, 81.175.1 and both were significantly less than 100.
Discussion
The results of these studies suggest that sucromalt has a lower glycaemic and insulinaemic impact than that of HFCS which is not explained by carbohydrate malabsorption. If Effects of sucromalt on postprandial responses A Grysman et al true, this would make sucromalt unusual in that other novel low-glycaemic carbohydrates of which we are aware, such as polyols (Livesey, 2003) , fructo-oligosaccharides (Roberfroid, 2005) or glucose oligosaccharides (van den Heuvel et al., 2005) , have a low-glycaemic impact because they are partly or completely malabsorbed in the small intestine or are absorbed but not metabolized. Based on the absence of a rise in breath H 2 , sucromalt appears to be well absorbed in the human small intestine. The flattened glucose and insulin responses and delayed rebound of FFA provide some evidence that sucromalt may be absorbed more slowly and over a more prolonged period than that of HFCS. However, the shapes of the glucose and insulin response curves were not entirely consistent across the three studies, and further studies are required to determine whether the differences in glycaemic response between HFCS and sucromalt are due to different rates of digestion, absorption or postabsorptive events. When expressed as a percentage of the 0-2 h glucose AUC after HFCS, the mean (7s.d.) 0-2 h glucose AUC after sucromalt in the three experiments differed significantly (one-way ANOVA, P ¼ 0.002); the value for experiment 2, 100735%, was significantly greater than that of experiment 3, 49721%, with the value for experiment 1, 67754%, not differing significantly from the other two (P40.05). This is difficult to explain. A higher dose of carbohydrate was used in experiment 2, but previous studies suggest that the relative glycaemic effects of starchy foods and sugars were similar at doses containing 25, 50 or 100 g carbohydrate. Measuring glucose in venous plasma (experiments 1 and 2) may result in smaller differences between foods than those measuring it in capillary blood (experiment 3). The procedures used in experiments 1 and 2 are known to result in less precise estimates of the relative glycaemic impact of foods than those used in experiment 3 (Brouns et al., 2005) , and, indeed, the 95%CI for experiments 1 and 2 were 2.5-to 4-fold wider than that for experiment 3. Thus, we believe experiment 3 provides the most precise estimate of the relative glycaemic impact of sucromalt. However, if the results of the three experiments are pooled, the 0-2 h AUC after sucromalt was 66% of that after HFCS (95% CI 53-79; Po0.05).
The primary aim of experiment 2 was to examine the absorption characteristics of the carbohydrate in sucromalt as evidenced by the patterns of glucose, insulin, FFA and breath H 2 responses; the highly significant time Â treatment interactions for these variables suggest success in achieving that aim. The HFCS, sucromalt and inulin test meals all contained fructose, which elicits a very low-glycaemic response, with an average GI of 19 (Foster-Powell et al., 2002) . However, since the fructose content of these test meals was similar, the differences in glycaemic response cannot be ascribed to differences in fructose content. Nevertheless, the ratio of available fructose/glucose differed, being higher in the inulin than that of HFCS test meal. Since fructose alters the hepatic metabolism of glucose (Daly et al., 2000) , the difference in glycaemic responses might be due to differences in hepatic glucose metabolism related to the different fructose/glucose ratios. But this does not appear to be a major factor because the 32% lower 0-2 h glucose AUC elicited by the inulin vs HFCS test meal (Table 3) is almost exactly equal to the 31% lower response predicted from the GI (glucose ¼ 100, fructose ¼ 19) and available carbohydrate content (Table 1 ) of the test meals using equations we previously developed (Wolever and Bolognesi, 1996a) and validated (Wolever and Bolognesi, 1996b; . The sucromalt meal contained 40 g glucose oligosaccharides compared to 46 g glucose in HFCS; however, since 40 g glucose oligosaccharides with an average DP of 10 yields 44 g of glucose upon hydrolysis, the difference in glucose potentially available to the body from these two test meals is negligible. Thus, the differences in glucose response between sucromalt and HFCS must be due to differences in the absorption characteristics of the oligosaccharides in sucromalt vs the glucose in HFCS.
The rate of hydrolysis of a1-4 or a1-6 links is not the ratelimiting step determining the rate of absorption of glucose from conventional oligosaccharides (Wahlqvist et al., 1978) ; indeed, the glycaemic response elicited by a given weight of dextrins tends to be greater than that by the same weight of glucose (Wahlqvist et al., 1978; Jenkins et al., 1981 Jenkins et al., , 1987 , at least in part because a given weight of dextrins contains more glucose molecules than those of the same weight of glucose. However, sucromalt contains a1-3 links that may make its glucose oligosaccharides partly indigestible or more slowly digestible.
We measured breath H 2 as a qualitative index of carbohydrate malabsorption. There was a large rise in breath H 2 after the inulin test meal, but none after sucromalt. This is consistent with literature showing that fructo-oligosaccharides are not absorbed in the small intestine and fermented in the colon to produce H 2 (Rumessen and Gudmand-Høyer, 1998) . The lack of rise in breath H 2 after sucromalt suggests that little if any sucromalt escaped digestion in the small intestine and entered the colon. However, this would only be a valid conclusion if H 2 is produced when sucromalt is fermented by colonic bacteria. It is known that carbohydrates with different structures, including 1-2, 1-3, 1-4 and 1-6 disaccharide linkages, support the growth of different types of bacteria (Sanz et al., 2005 (Sanz et al., , 2006 . However, it is unknown if the fermentation of sucromalt, which contains a1-3 and a1-6 links, produces H 2 . Carbohydrates with 1-2, 1-4, 1-6 and 2-6 links produce H 2 upon fermentation (Probert and Gibson, 2002) . In addition, Nutriose, a dextrin with a-1,2 and a-1,3 glucoside linkages making it 85% resistant to digestion in the small intestine, is fermented in the colon (van den Heuvel et al., 2005) , with doses of 11 g elicited a detectable rise in breath H 2 (van den Heuvel et al., 2004) . Therefore, it seems unlikely that the fermentation of sucromalt does not produce H 2 . However, this has not been tested because studies in human subjects with an ileostomy showed that 497.5% of ingested sucromalt was absorbed Effects of sucromalt on postprandial responses A Grysman et al from the small intestine (unpublished). Assuming that the fermentation of sucromalt produces H 2 , the lack of rise in breath H 2 after sucromalt probably rules out carbohydrate malabsorption of 410 g, but may not be sensitive enough to detect smaller amounts. Sucromalt may be more digestible than Nutriose because it contains alternating a1-3 and a1-6 linkages, both of which can be hydrolyzed in the human small intestine, whereas Nutriose contains a1-3 and a1-2 linkages; the latter of which are indigestible.
We did not directly measure the rate of absorption, as others have done using stable isotopes (Lang et al., 1999) . However, there is strong evidence from studies in which glucose was consumed orally (Jenkins et al., 1990) or injected intravenously at different rates (Chen and Porte, 1975 ) that reducing the rate of carbohydrate absorption flattens glucose and insulin responses and delays the rebound of FFA. Thus, the flatter glucose and insulin responses and delayed rebound in FFA after sucromalt compared to HFCS is evidence for a slower rate of absorption. Nevertheless, the delay in absorption, if it occurred, was not prolonged enough to elicit a second-meal effect. The shapes of the glucose, insulin and FFA curves after sucromalt are not consistent with a reduced amount of carbohydrate being absorbed, as illustrated by the inulin test meal which had the opposite effects: a more rapid fall in glucose and insulin and an earlier rebound of FFA compared to HFCS.
After consuming 25, 50 or 100 g glucose (Christensen et al., 1972) serum FFA concentrations in normal subjects fell at the same rate, reached approximately the same nadir, rose at the same rate and attained the same rebound concentration after the three doses of glucose. The difference was that the rebound began 1.5 h after consuming 25 g glucose, 2.5 h after 50 g glucose and 3.5 h after 100 g glucose. Since the inulin treatment contained 30% less available carbohydrate and 55% less glucose than those of HFCS, we expected FFA concentrations after the inulin meal to begin to rebound sooner and to rise at the same rate as after HFCS. Thus, the higher FFA at 90 min after inulin than HFCS was not surprising; however, the significantly lower rate of rise was unexpected. It is possible that the rate of rise of FFA was reduced by SCFA produced by the colonic fermentation of inulin (Wolever et al., 1991) . The suppression of FFA rebound by colonic SCFA is the mechanism proposed by Brighenti et al. (2006) to explain why 5 g lactulose consumed at breakfast reduced the glycaemic response elicited by a standard lunch taken 4 h later. However, there was no significant second-meal effect after inulin in the present study.
GLP-1 is secreted from L cells in the terminal ileum in response to a variety of neuroendocrine signals and the presence of nutrients in the ileal lumen (Brubaker, 1991; Roberge and Brubaker, 1991) . Slowly digested carbohydrates travel further down the small intestine before being absorbed (Krause et al., 1982) and stimulate a late rise in plasma GLP-1 (Juntunen et al., 2003) . Thus, the increase in GLP-1 after sucromalt compared to HFCS, which was sustained for 4 h after consumption, is consistent with slow absorption. On the other hand, the inulin beverage, if anything, elicited a lower GLP-1 response than that of HFCS over the first 4 h after its consumption, consistent with it containing a lower amount of available carbohydrate. These results are compatible with previous studies in humans which suggest that acute GLP-1 secretion is acutely stimulated by available (Ranganath and Morgan, 2000) but not unavailable carbohydrates (Frost et al., 1999) . Chronic consumption of unavailable carbohydrates may upregulate GLP-1 secretion via SCFA from colonic fermentation (Reimer and McBurney, 1996) . There is some evidence that colonic fermentation acutely increases GLP-1 secretion in animals (Gee and Johnson, 2005) . The significant positive correlation we observed between the breath H 2 response after breakfast and the plasma GLP-1 response after lunch in experiment 2 suggests that a similar effect may occur in humans.
In conclusion, these results suggest that the reduced glucose and insulin responses elicited by sucromalt are not explained by malabsorption and are more likely related to differences in either rate of digestion and absorption or postabsorptive handling by body.
